I. FILM GROWTH AND CHARACTERIZATION

II. GEOMETRIC CONSIDERATIONS
The procedure for generating atomic positions for the oxygen octahedra of a perovskite is described briefly in the main text. Here more details are added as well as justification for the steps undertaken.
The main assumption made in this procedure is that the octahedra are perfectly rigid, although, in reality, some degree of bond length distortion is expected. Because we are considering the rotation of a rigid body, it is important that the rotation angles (α, β and γ) are taken with respect to the internal symmetry axes of the octahedron (imaginary lines connecting opposing oxygen atoms) and not to the original, unrotated Cartesian axes. Figure S3 illustrates how the axes are defined and redefined for an order of operation of the Glazer angles α → β → γ. We find that for small angles of distortion, less than 10º, the variation between the final vectors is minimal and the rotations could be performed in any order for a very similar result. When the rotation magnitude exceeds 10º, however, the final positions begin to diverge heavily with a change in the order of operation. A way to get around this issue is to break the large rotation angle operation into several small rotation angle operations.
The operation is performed by the Rodrigues formula 2 for a three dimensional rotation, , around a general vector, ! , ! , ! :
For our purposes, the Rodrigues formula is applied iteratively around the three internal axes of octahedral symmetry in turn, each time by an increment of the total rotation angle for that axis.
The m th incremental rotation, , is performed around a unique vector ! , ! , ! ! , which has been defined by successive application of all the m-1 rotation operations before. To obtain a final set of vectors that is independent upon the order of operation, 50 iterations of the Rodrigues formula around each axis is found to be sufficient for a convergence within 0.1 % when the Glazer rotation magnitudes are very large (more than 15º, in reality the magnitudes tend to be less than 15º). Figure S4 shows how the resulting atomic positions, which depend upon the order of operation, converge to the same vector coordinates when the number of iterations increases. The experimental intensity is taken to be the integrated intensity under the peak corresponding to diffraction from the film alone. The full fit is the sum of a pseudo-Voigt profile for the substrate, a Gaussian function for the film, a linear slope offset and a constant background. The result of this fit for an example peak is shown in Figure S5 . Considering only the Gaussian part of the film, the integrated intensity is then the area under this function. 
IV. COHERENCE THICKNESS OF OCTAHEDRAL DISTORTIONS
As described in the previous supplementary section, the HIBPs can be fitted with a Gaussian function. The full width at half maximum of this peak is directly related to the thickness of the structure that gives rise to it. This "coherence" thickness is given by the Scherrer formula where, in this formulation, c is the pseudocubic lattice parameter of the substrate with the dimension of length and the FWHM is expressed relative to the substrate reciprocal lattice units:
We have calculated this quantity for all the thicknesses of LaNiO 3 on both substrates, using the mean of the FWHM values for all the HIBPs and plotted this as a function of total film thickness, as determined from the finite thickness effect of the specular CTRs in Figure S6 As can be seen in Figure S6 , the O 6 network distortion essentially occupies the entire film thickness. The only significant deviation from the 1:1 relationship with the total film thickness occurring in the thinnest films. There is a suggestion that the octahedral distortion extends around 2 u.c. further than the film itself, possibly indicating an influence into the substrate. 
In this process, the parameter ! is a randomly generated number between, for instance, −0.05 and +0.05 for a 5 % artificial error.
Over 350 Table S1 contains these results, which correspond to Figure 4 . These parameters are plotted in Figure S9 . 
